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1. Introduction 
An estuary is a partly enclosed coastal body of water with one or more rivers or streams 
flowing into it, and with a free connection to the open sea. (Jara-Marin et al., 2009; Crossland 
et al. 2005). They are the transition zones or ecotones between riverine and marine habitats, 
which differ both in abiotic and biotic factors (McLusky & Elliott, 2004) but many of their 
important physical and biological attributes are not transitional, but unique. These highly 
dynamic and rapidly changing systems form a complex mixture of many different habitat 
types. These habitats do not exist in isolation, but rather have physical, chemical and 
biological links between them, for example, in their hydrology, in sediment transport, in the 
transfer of nutrients and in the way mobile species move between them both in seasonally 
and single tidal cycles. The most distinctive feature that contrasts estuaries from other 
biomes is the nature and the variability of the physicochemical forces that influence this 
ecosystem. In contrast the low diversity, the estuarine ecosystems achieve very high 
productivities through the continuous arrival of new nutrients supply. They are very 
productive biomes and support many important ecosystem functions like biogeochemical 
cycling and movement of nutrients, mitigation of floods, maintenance of biodiversity and 
biological production (Patrick et. al., 2005). The estuarine environment is characterized by a 
constant mixing of freshwater, saline seawater, and sediment, which is carried into the 
estuary from the sea and land. The mixture and fluctuation of salt and freshwater impose 
challenges to the animals and microbes. Along the gradient of conditions from the open sea 
into the sheltered estuary the salinity ranges from full strength seawater to freshwater, and 
sedimentary conditions also varies from fine sediment to coarse sediments. Other changes 
include nutrient input, pollutant and chemical concentration along with estuarine flows 
(McLusky & Elliott, 2004). The productivity and variety of estuarine habitats support a 
wonderful abundance and diversity of species.  
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The ecosystem of any estuary is dependent on both the natural processes (like tide, current, 
bathymetry, nutrient influx etc) as well as anthropogenic activities (like agriculture, 
aquaculture etc in the adjoining land part and/or the number and frequency of mechanized 
boats, trawlers plying within the estuary etc). The entire process is extremely complicated 
where a balance is achieved through interaction between different components, not clearly 
well understood so far in many estuaries. The movement of water mass and consequent 
circulation pattern within an estuary is dependent and thereby should be considered as a 
response to astronomical tides, inflow of fresh water (i. e. head ward discharge of the fresh 
water), winds, density of saline water and consequent stratification of different water 
column etc. At the same time, the basin topography (bathymetry), air-water interaction, 
water sedimentation interface, mixing characteristics, frictional loss at the bottom, and the 
rotational effects of the earth, together with the above mentioned driving forces, constitute 
an extremely complicated balance that conserves mass, momentum, energy, and 
conservative solutes in the system.  
Estuaries are highly dynamic systems with large seasonal and spatial gradients of 
biogeochemical compounds and processes. Linking land to the ocean, they are often greatly 
influenced by human activities, including enhanced organic matter and nutrient loadings. 
Among other parameters, the balance between organic matter and nutrient loading is critical 
in determining the balance between autotrophy and heterotrophy at the ecosystem level 
(Kemp et. al., 1997). Estuarine dynamics has been well studied in temperate system such as 
Chesapeake Bay (Boynton et. al., 1982), San Francisco Bay (Cloern, 1996) and the Baltic sea 
(Conley et. al., 2000). Tropical and subtropical estuaries received comparatively less study 
but are experiencing noticeable anthropogenic alterations (Eyre, 1997). Sundarbans is an 
example of tropical, nutrient rich and turbid estuary.  
2. Unique features of Sundarbans estuary 
Sundarbans is the largest deltaic tidal halophytic mangrove forest in the world, (Blasco, 
1977) with an area of 10, 200 sq km area, spreading over India (4263 sq km of Reserve forest) 
and Bangladesh (5937 sq km of Reserve forest) (Fig 1). Sundarbans, world’s largest delta (80, 
000 sq. km. ) formed from sediments deposited by three great rivers, the Ganges, 
Brahmaputra and Meghna, which converges on the Bengal Basin. The area experiences a 
subtropical monsoon climate with annual rainfall of about 1600-1800 mm and several 
cyclonic storms (Manna et. al., 2010).  
Indian Sundarbans is known as Hoogly-Matla estuary (Hooghly is the Lower part of River 
Ganges), where apart from Hoogly and Matla, there are innumerable big & small rivers 
criss-crossing the Sundarbans namely Bidya, Saptamukhani, Raimangal, Muriganga, 
Thakuran, Gomor etc. Many rivers have become almost completely cut off from the main 
freshwater sources (Sanyal & Bal, 1986) as for example Bidya, Matla are devoid of fresh 
water connection due to siltation in the upstream region and are converted into tidal creeks.  
Sundarbans is intersected by a complex network of tidal waterways, mudflats and small 
islands of salt-tolerant mangrove forests. The waterways in this tiger reserve are maintained 
largely by the diurnal tidal flow (Lahiri, 1973). Sundarbans is known for the eponymous 
Royal Bengal Tiger (Panthera tigris tigris), as well as numerous fauna including species of 
birds, spotted deer, crocodiles and snakes.  
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Fig. 1. Geographical location of Sundarban estuary, India 
Sundarban delta has the distinction of encompassing the world's largest Mangrove Forest 
belt and has been identified as World natural heritage site by UNESCO in 1974, National 
park in 1984 and World heritage site by IUCN in 1989. The mangrove ecosystems in Indian 
Sundarbans are well known not only for the aerial extent, but also for the species diversity 
and richness. The biodiversity of Sundarbans includes about 350 species of vascular plants, 
250 fishes and 300 birds, along with numerous species of phytoplankton, fungi, bacteria, 
zooplankton, benthic invertebrates, molluscs, reptiles, amphibians and mammals (Gopal & 
Chauhan, 2006) It is natural habitat of many rare and endangered species including the 
Royal Bengal tiger ((Panthera tigris) and it is the only mangrove tiger land in the world. 
Other important species are Estuarine Crocodile (Crocodilus porosus), Gangetic Dolphin 
(Platinista gangetica), Snubfin dolphin (Orcella brevirostris), River Terrapin (Batagur baska), 
Batagur baska, Pelochelys bibroni, Chelonia mydas., marine turtles like Olive Ridley (Lepidochelys 
olivacea), Green Sea Turtle (Chelonia mydas), Hawksbill Turtle (Eritmochelys imbricata), thus 
making it a natural biodiversity hot spot.  
3. Mangrove of Sundarbans 
Mangroves are a community of trees and shrubs growing in intertidal forested wetlands 
restricted to the tropical and subtropical regions (Tomlinson, 1986). Total global area of 
mangrove forest is estimated to only 18. 1 million ha (Spalding et. al., 1997), against over 570 
million ha of freshwater wetlands including peat lands but excluding paddy fields (Spiers 
et. al., 1999). Mangroves are the only woody halophytes dominated ecosystem situated at 
the confluence of land and sea, they occupy a harsh environment, being daily subject to tidal 
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changes in temperature, water, salt exposure and varying degree of anoxia (Alongi, 2002). 
Mangrove forests are recognized as highly productive ecosystems that provide large 
quantities of organic matter to adjacent coastal waters in the form of detritus and live 
animals (Holguin et. al., 2001). They provide critical habitat for a diverse marine and 
terrestrial flora and fauna. Healthy mangrove forests are key to healthy marine ecology. 
They may be considered as self maintaining coastal, inter-tidal estuarine compartment, 
which thrives due to constant interaction with terrestrial and marine ecosystem. They are 
vital to coastal communities as they protect them from damage caused by tsunami waves, 
erosion, and storms and serve as a nursery for fish and other species that support coastal 
livelihoods. In addition, they have a staggering ability to sequester carbon from the 
atmosphere and serve as both a source and repository for nutrients and sediments for other 
inshore marine habitats.  
Sundarbans mangrove estuarine ecosystem is one of the largest detritus-based ecosystems of 
the world (Pillay, 1958 and Ray, 2008). Litterfall of mangroves supplies the detritus and 
nutrients regulating the productivity of adjacent Hooghly–Brahmaputra estuarine complex 
which act as an important nursery ground for many commercially important shell and fin 
fishes. Due to large scale human intervention from the beginning of last century, several 
species have become extinct or are in very much threatened or degraded state (Gopal 
&Chauhan, 2006; Sodhi & Brok, 2007), The loss of the mangroves will have devastating 
economic and environmental consequence. Royal Bengal tiger, Javan rhino, wild buffalo, 
hog deer, and barking deer are on the verge of extinction. But any systematic approach 
towards studying the ecosystem dynamics of Sundarbans has not been attempted so far 
(Alongi, 2009;Gopal & Chauhan, 2006), where we have attempted to fill in the gaps and 
create a road map for the sustenance of this World heritage site.  
4. Materials and methods 
4.1 Physico-chemical analysis 
4.1.1 Tidal velocity and current speed 
Tide measurement was performed by Valeport MIDAS WTR non directional tide gauge 
serial no. 34890 (Valeport, U. K). The MIDAS WTR Wave Recorder uses the proven Linear 
Wave. The MIDAS WTR Wave Recorder uses the proven Linear Wave Theory wave analysis 
method of measurement. It has high accuracy piezo-resistive pressure sensors and a fast 
response PRT temperature sensor as standard. Current speed and direction was measured 
with Aanderra made Doppler Current Sensor 4420 Serial no. 282 Signal type CANbus.  
4.1.2 Water quality parameters 
Water temperature, pH and conductivity were measured in situ with Hach Portable Meters 
(HQ40d). Turbidity was measured by using portable turbidity meter (Hach 2100P), salinity 
was determined in practical salinity units by Knudsen method (Knudson, 1901), dissolved 
oxygen concentration was studied according to the method of Winkler (JGFOS Protocol, 
1994) nutrients like inorganic nitrogen (ammonia, nitrite, nitrate, total nitrogen), soluble 
phosphate, total phosphate, and reactive silicate were measured according to the same 
methodology (JGFOS Protocol, 1994).  
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4.2 Biological analysis 
4.2.1 Phytoplankton biomass (Chlorophyll-a) 
Chlorophyll samples were filtered through Whatman GF/F (0. 45 μ) filters and extracted in 
acetone in dark and refrigerated condition. Chlorophyll-a was determined 
spectrofluorimetrically (Ventrick & Hayward, 1984).  
4.2.2 Phytoplankton cell density 
Direct estimation of phytoplankton cell abundance and diversity was performed by cell 
counting method. Surface phytoplankton was collected and the Lugol’s preserved 
subsamples (1-2 liter) were used for quantitative enumeration utilizing a Sedgwick-Rafter 
counting chamber and Zeiss research microscope according to UNESCO PROTOCOL 
(1978). Several keys and illustration were consulted to confirm identification (Perry, 2003; 
Tomas, 1997).  
4.2.3 Zooplankton abundance and diversity 
Zooplankton samples were collected monthly basis both in night and day time for 
comparative and quantitative assay. Collection was performed both vertically and 
horizontally. A long Bongo net, with mesh size 150 µm was used to collect sample. The 
volume of water flowing through the net was measured by a digital flow meter (Model no. - 
2030R, General oceanics).  
4.2.4 Bacterioplankton abundance 
Fluorescence microscope was used to estimate the total number of bacteria. Immediately 
after sampling, 50 ml of seawater was preserved with 25% gluteraldehyde (0. 2-μm-
prefiltered) and stored in cold dark environment to prevent reduction of counts. Cells of 
bacteria were collected onto a 25-mm black polycarbonate nucleopore membrane with a 0. 
2 μm pore size and stained with acridine orange. At least twenty random fields were 
counted in a Zeiss confocal fluorescence microscope coupled with an image analysis 
system (Bianchi & Giuliano, 1995; Hobbie et. al., 1976). Viable count of Bacterial colonies 
was also performed using Luria-Bertani medium by serial dilution method (Cappuccino & 
Sherman, 2007).  
4.2.5 Primary productivity 
Primary productivity of water was measured by light and dark bottle method according to 
the guidance of APHA(1998). Samples collected from each pre selected depth (on the basis 
of light availability) were taken in triplicate light bottles. Dissolved oxygen of the initial 
bottles was fixed with NaI-NaOH and MnCl2 in the beginning of incubation period. At the 
end of the incubation period light and dark bottles were similarly fixed and all the bottles 
were brought back to laboratory in cold condition for analysis. Then dissolved oxygen 
concentrations were estimated by Winkler’s method (JGFOS Protocol, 1994). NPP (net 
primary productivity), CR (community respiration) and GPP (gross primary productivity) 
can be estimated using the following equations 
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- NPP = Light bottle – Initial bottle 
- CR = Initial bottle – Dark bottle with nitrification inhibitor.  
- GPP = Net primary productivity + community respiration  
4.3 Statistical analysis 
The results were expressed as differences between the groups considered significant at p < 
0. 05. Data comparison and influence of the environmental factors on phytoplankton were 
evaluated by stepwise multiple regression (Manna et. al., 2010) Different statistical analysis 
and correlation regression analysis were performed using the software STATISTICA.  
5. Results and discussions 
5.1 Hydrodynamic parameters and their significance 
Basic objective of hydrodynamic study is to understand the processes active within the tidal 
estuaries of Sundarbans; to develop methods so as to quantify the relative importance of 
river inflow discretely with respect to other forcing parameters like wind, tide, earth’s 
movement etc as a dynamic forcing; to understand the relative importance of flow pattern as 
well as quantum of water coming as an input/output from different channels (creeks). 
Water movement and the consequent distributions of nutrients and other chemicals in an 
estuary are dependent on the hydrodynamic condition of the estuary. A hydrodynamic 
model is therefore a tool to understand the distribution pattern and availability of different 
nutrients within the estuary. This model is dependent on many physical parameters like 
tidal discharge, wave and meteorological forcing. In an estuarine condition, at the seaward 
boundary, tidal forcing drives the model. Tidal regime in an estuary ultimately determines 
the amount of sea water to be pushed into the estuary from the open sea carrying sediments 
as well as nutrients. Thus the boundary tide is most important and is usually specified by a 
water level time series, a velocity time series or a set of tidal harmonics. All these data need 
to be acquired from a set of water level measurements using different kinds of tide gauge 
and current meters. Unfortunately, for Sundarbans, such work has yet to be carried out. The 
freshwater discharges from rivers at the uplands also play an important role.  
Sundarbans can be characterized with six North – South bound estuaries namely, 
Saptamukhi, Thankuran, Matla, Bidya, Goasaba and Raimongal. Each of these estuaries is 
different from each other in hydrodynamic set up. Except Raimongal, none of these 
estuaries are having freshwater discharge at head ward portion. These estuaries are more 
than 70 kilometers in length starting from its head ward point to the meeting point at the 
Bay of Bengal. A considerable portion of these estuaries pass through the inhabited islands, 
from where the supply of nutrients is in the form of agricultural field wash and aquaculture 
pond effluents and hardly any mangrove detritus is available. Thus, the availability of 
nutrients in these estuaries depends on the mixing within the estuaries, which in turn 
depends on tides and current.  
Perhaps the most important data required is for tidal and surge information, however such 
data are almost entirely absent at the moment (Bhattacharyya et al, 2011). Delta Project 
report of 1968 (Delft, 1968) may be considered as the only published account of tidal range 
in Sundarbans. One permanent tide gauge station is located at Sagar Island in the Hooghly 
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Estuary and, although records have been kept here since 1937 these are a made using visual 
staff record operating only during daylight hours and are therefore incomplete. In order to 
overcome this problem, automatic tide gauge (Valeport make) instruments were placed 
within several estuaries of Sundarbans which indicated certain interesting hydrodynamic 
condition.  
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Fig. 2. Tidal fluctuation in Saptamuki mouth near Sitarampur 
 
Fig. 3. Saptamukhi tides (in meters) December 2009 Red graph indicates tide at the mouth of 
Saptamukhi while blue colour indicates tidal fluctuation at Milon More about 50 kilometers 
away from the Saptamukhi mouth 
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It was observed that tidal range along the Sundarbans estuaries vary from place to place 
within the estuary. On an average, tidal fluctuation in Sundarbans estuary is around 5 
meters depending on the lunar cycle, as is evident from the Figure. 2. But, tidal fluctuation 
near the mouth is comparatively smaller in range. As the tidal current pushes within the 
estuary, tidal range increases due to funneling effect of estuary. In case of Sundarbans, after 
travelling a certain distance tidal fluctuation starts receding due to bed resistance and 
ultimately dies down. It is quite interesting to observe the tidal regime along the estuary 
since ultimately this determines the availability of nutrients within the estuary.  
During the period of the present study two automatic tide gauges were simultaneously 
deployed in the Saptamukhi estuary – one near its mouth (where the width of the estuary is 
about 1. 3 kilmeters) with Bay of Bengal and the other at the head ward position at a place 
near Milan More (where the width of estuary is only 60 meters), at a distance of about 50 
kilometer northwards from the first tide gauge. Incidentally, Saptamukhi is the westernmost 
estuary in Sundarbans and a number of mangrove islands including Lothian Island (which 
is a wildlife sanctuary) are located within it. The variance in tidal behavior pattern is quite 
obvious (Fig. 3).  
It was interesting to note, that near the mouth tide is essentially symmetric in nature 
indicating that the time taken by high tide to reach the climax is exactly the same as that of 
low tide. Hence there is no additional residence time of tidal water within the estuary. 
However, at the Milon More, the tide is asymmetric in nature indicating that time taken by 
high tide to reach climax is much less compared to that of draining out of tidal water during 
ebb tide. Current speed within Sundarbans was found to be varying between 140 to 180 
cm/sec. The current direction also is also controlled by the geomorphology of the creeks.  
The Sundarbans estuary is thus a flood dominated estuary. The nutrient rich tidal water has 
a more residence time within estuary which is being used by the phytoplankton, the 
primary producer of this ecosystem. Thus the hydrodynamic set up helps in making this 
estuary so productive. It should be mentioned that the mangrove islands are all sea facing 
and water present within the creeks and estuary around the mangrove forest are always rich 
in nutrient, which is pushed well inside the estuary through tidal water.  
 
Fig. 4. ‘V’ Component i. e. North-South bound current at Bhangadunia Island, Sundarbans 
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During the period of study, several current meters were deployed in different estuaries of 
Sunderbans to measure the current speed and velocity of tidal current for a period of one 
month. This is for the first time such an exercise was carried out for Sundarbans. It was 
observed that the tidal current velocity always depends on the lunar cycle and the phase of 
tide, which is identical in case of all estuaries.  
The U-V component of current the tidal current was then calculated at each spot to assess 
the North-South current and East-West current. Interesting in all places it was found that the 
V-component of current is the predominant current over the east-west current. Figure. 4 and 
Figure. 5 indicate the comparative nature of these two components. The major estuaries of 
Sundarbans are having a north-south trend and flanked by embankments along east-west 
sides. Thus, observed current patterns indicate that whatever nutrients are discharged by 
the mangrove islands along the southern boundary of Sundarbans are carried deep inside 
the estuaries due to current pattern.  
 
Fig. 5. ‘U’ component of current velocity i. e. East-West component of currentnear 
Bhangadunia Island, Sundarbans.  
Thus the hydrodynamic studies along estuaries of Sundarbans indicate that the 
hydrodynamics play the major role for distribution of nutrients along the estuaries of 
Sunderbans from the southern tip. While current is the driving force for transport of 
nutrients to the distant parts of the estuaries, tidal regime ensures the availability of the 
nutrients within the estuary for a longer duration to make it more productive.  
5.2 Physicochemical characteristics 
Physicochemical characters of estuarine ecosystem mainly depends on three factors, namely 
dissolved oxygen concentration, salinity and sedimentation load within the water body. 
Physical factors like temperature, pH, turbidity, salinity and dissolved oxygen in a water body 
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vary quickly relative to biological and chemical transformations. In general, the estuarine 
environment is oxidizing near the sediment–water interface and more reduced deeper in the 
sediment. The estuarine circulation movements are the primary mechanism to change the 
distribution profile of dissolved material in time and space in fresh and ocean water.  
5.3 Temperature, pH, turbidity, salinity and dissolved oxygen 
Sundarbans are located on shores in the tropics and enjoys tropical monsoon type of 
climates. The average rainfall of the region amounts to approximately 1750-1800 mm. 
summer and winter temperature varies between 260C-400C . The temperature of the surface 
water varied between 210 C-350C and significant variation is observed in temperature of 
different locations in the estuary.  
Sundarbans estuarine pH levels generally average from 7. 0 - 7. 5 in the fresher sections, 
between 8. 0 - 8. 6 in the saline areas. Slightly alkaline pH of seawater is due to the natural 
buffering from carbonate and bicarbonate dissolved in the water (Volunteer Estuary 
Monitoring, 2006). The pH values of the Sundarbans estuary were slightly basic and 
remained almost constant (7. 9-8. 2) except during the monsoon months when a slight but 
insignificant decrease was noticed.  
Turbidity indicates water clarity and it is the measured by light scattering by suspended 
particles in the water column. Several factors are responsible for water turbidity; suspended 
soil particles (including clay, silt, and sand); tiny floating organisms (e. g., phytoplankton, 
zooplankton, and bacterioplankton); and small fragments of dead plants (Voluntary Estuary 
Monitoring Manual, 2006). In Sundarbans estuary turbidity ranges from 35-150 NTU, and 
highest index being observed in monsoon.  
In estuaries mixing of sea water with fresh water causes brackish water to be more saline 
than fresh water but less saline than sea water. Salinity of estuaries usually increases away 
from a freshwater source such as a river, although evaporation sometimes causes the 
salinity at the head of an estuary to exceed seawater. Vertical salinity structure and nature of 
salinity variation along an estuary is the unique feature of coastal water ways (Santoroet. al. 
1989). Sundarbans estuary situated in the delta of Bay of Bengal showed salinity gradient 
from the upstream to the downstream part and also margin to central part (Baidya, & 
Choudhury, 1984). In Sundabans estuary salinity ranges from 11-25 PSU, being highest in 
dry season and lowest in wet season (Manna et. al., 2010). In Sundarbans estuary tidal action 
is very strong and practically it is the only regulatory factor, thus water is well mixed from 
top to bottom and the salinity approaches that of the open sea.  
5.4 Dissolved oxygen (DO) 
DO is one of the most important controlling factor regulating presence of estuarine species. 
In addition to support respiration, oxygen is needed for decomposition, an integral part of 
an estuary’s ecological cycle is the breakdown of organic matter (Volunteer Estuary 
Monitoring Mannual, 2006). DO concentration in the water column is highly dependent on 
temperature, salinity and biological activity. Tidal estuaries are generally characterized by 
high DO level. Dissolved oxygen concentration was steady all along the stretch over 
Sundarban estuary varying between 3. 3 to 9. 5 mg/L with comparatively higher values 
during November-February (bloom season).  
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5.5 Nutrients 
Autotrophic nutrients are important for estuarine ecosystems and are essential for 
sustenance of the marine ecosystems because they are the raw materials for primary 
producers. Main estuarine nutrients include phosphate, nitrate, nitrite, ammonia and 
silicate. Nitrogen, phosphorus and silica are the key nutrients that generally limit 
phytoplankton growth in natural waters. Silicate is a primary growth limiting nutrient for 
diatoms. It is reported that N-limitation is a wide spread phenomenon in tropical lakes 
rivers and estuaries, e. g., Mandovi-Zuari (Ram et al., 2003), Cochin estuary (Gupta et. al., 
2009) and Hoogly estuary (Mukhopadhyay et al., 2006). Sundarbans estuary was 
phosphorus limited in postmonsoon and nitrogen-limited in premonsoon and monsoon. 
However, seasonal phosphorous limitation characteristic was found in several estuaries (eg. 
Gle et al. 2008; Xu et al. 2008). Sundarbans estuary is a nutient rich tropical estuary with 
high nutrient influx, where a huge quantity of leaf litter is loaded to the estuarine water 
from adjacent mangrove forests. Besides, land mass wash off during monsoon and drainage 
waste from shrimp culture farms also contributed to this huge nutrient load. In Sundarban 
estuary the phosphate concentration varied from 0. 4 to1. 0 µmol/L, the nitrate 
concentration varied from 2. 4-39. 9 µmol/L, nitrite concentration ranged from 0. 6-1. 6 
µmol/L and silicate concentration varied from 4. 8 to 49. 1 µmol/L.  
Seasonal variation of Nutrient concentration
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Fig. 6. Seasonal variation of nutrient concentration (µmole L-1) in Sundarban estuary.  
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6. Biological components 
6.1 Autotrophic nutrition and food web 
In an estuary, the plants and other primary producers (algae) convert energy into living 
biological materials (Ryther, 1969). Detritus feeders, plant grazers, and zooplankton are the 
primary consumers, and the secondary consumers and tertiary consumers include estuarine 
birds, ducks, invertebrate predators, and fish. Excreta and detritus pass to the decomposer 
tropic level where microorganisms break down the material. At each stage in this trophic 
sequence matter and energy are consumed, and some of it is excreted as waste, or converted 
into body growth or heat after respiration (McLusky and Elliott, 2004).  
Plankton is one of the important components of any aquatic ecosystem among which 
phytoplanktons are the primary source of food in the marine pelagic environment, initiating 
the food-chain which may culminate even in large mammals (Waniek and Holliday, 2006). 
Studies of phytoplankton are essential to understand food chain dynamics in aquatic 
ecosystems (Sieburth and Davis, 1982). In oligotrophic waters, the base of the food chain is 
composed of very small cells in the size range 0. 2–2 μm [‘picoplankton’ (Sieburth et al., 
1978)] and the microbial loop dominates the pelagic food web (Fenchel, 1988). Conversely, 
when an import of mineral nutrients takes place, the base of the food chain comprises larger 
phytoplankton (diatoms and dinoflagellates), which are more readily eaten by 
zooplanktons; under these conditions, the classic pelagic food chain dominates (Fenchel, 
1988). Autotrophic picoplankton [‘picophytoplankton’ (Fogg, 1986)] is represented by 
prokaryotic coccoid cyanobacteria, frequently of the genus Synechococcus, prochlorophytes 
(Chisholm et al., 1988) and small eukaryotic cells (Johnson and Sieburth, 1982). 
Picophytoplankton is important contributors to total phytoplankton biomass and primary 
production in all aquatic environments (Stockner, 1988). They dominate the total 
phytoplankton biomass and production in oligotrophic environments (Fogg, 1986; Weisse, 
1993).  
Phytoplankton biomass and primary production mainly depend on nutrient dynamics of 
coastal and estuarine ecosystems (Nixon, 1995; Cloern, 1999). Estuarine phytoplankton 
production is mostly dependent on either nutrient or light availability (Riley, 1967; 
Williams, 1972; Fisher et al, 1982). In case of nutrient rich turbid estuaries light is the major 
controlling factor and restricted light availability may alter phytoplankton production 
(Wofsy, 1983; Pennock, 1985; Harris, 1978;Falkwski, 1980). Estuarine dynamics is well 
studied in temperate system such as Chesapeake Bay (Bonyton et. al. 1982; Hording, 1994; 
Kemp et. al., 2005), San Francisco Bay (Review: Cloern, 1996), and the Baltic sea (Graneli et. 
al., 1990; Conley, 2000).  
6.2 Heterotrophic bacterial production 
The production and structure of aquatic ecosystems depend on interactions between energy 
mobilizers, i. e., phytoplankton and bacterioplankton (Jones, 1992) and the abiotic factors 
that control their activity (Jones, 1998). Bacteria can vary from being consumers of energy 
released by phytoplankton, to be independent mobilizers of energy to the ecosystem, using 
carbon compounds imported from the catchment as a source (allochthonous carbon) of 
energy (Jones, 1992) Consequently, the role of bacteria as an energy mobilizer for the pelagic 
ecosystem increases with increasing input of allochthonous DOC (Jansson et. al., 2000). 
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Therefore bacterioplankton may be regarded as a highly important component of the 
pelagic ecosystem. In case of mangrove dominated Sunderbans estuary where a huge 
quantity of leaf litters is loaded to the adjacent estuarine water nitrogen may be the main 
currency in determining overall productivity and heterotrophic bacterial production may 
exceed phytoplankton primary production.  
Many different factors may control the heterotrophic bacterial activity of aquatic ecosystem 
namely, temperature (Oachs et. al., 1995; Rae & Vincent; 1998), inorganic nutrients (Jansson 
et. al., 1996; Kroer, 1993), dissolved organic carbon (Tranvik, 1988; Hobbie et. al., 1996) etc. 
Organic carbon metabolism of clear water bodies like lakes usually dominated by 
autochthonous sources (Baron et. al., 1991) because of low export of organic matter from 
surrounding soils whereas in case of nutrient rich estuaries and bays receiving high loading 
of allochthonous DOC, the bacteria may be relieved of their close dependency on 
phytoplankton carbon. This may cause bacteria growth to be limited by nutrients (Jansson 
et. al, 1996; Kroer 1993). Temperature also affects the bacterial growth rate (Oachs et. al., 
1995; Rae & Vincent 1998, Tulonen et. al., 1994). In case of nutrient rich Sunderbans estuary 
bacterial population showed an exponential relationship with temperature (Manna et. al., 
2010).  
6.3 Community respiration and nitrification 
In a water body all the living organisms respire and consume oxygen (O2). Respiration 
provides a simple and straightforward measure of heterotrophic activity that can be directly 
related to the oxidation of organic matter (Willlams, 1981; Hopkinson et al., 1989 & 
Biddanda et al., 1994) and it is regarded as a key index of the energy used by consumers at a 
given time and place (Biddanda et. al., 1994 & Pomeroy et. al., 1968).  
Episodic oxygen depletion in the water column is a common feature in many coastal and 
estuarine areas during summer (Turner & Rabalais, 1991; Kemp et al., 1992). In a variety of 
estuaries nitrification is a major contributor to total pelagic oxygen consumption(Kausch, 
1990; Pakulsht, 1995) and records of nitrification rate in addition to primary production and 
respiration can be an important parameter to understand variations in oxygen concentration 
in the water column. However, few measurements of the actual rates of pelagic nitrification 
have been reported from coastal and estuarine waters and studies on factors regulating 
marine nitrification are still scant in literature (Owens, 1986; Berounsky & Nixon, 1993).  
Sunderbans estuary is designated as a moderately productive estuary with an annual 
integrated phytoplankton production rate of 2. 9 -5. 4 µgC/L/hr and community respiration 
1. 75-3. 2 µgC/L/hr (Unpublished data).  
Seasons GPP(µgC/L/hr) CR (µgC/L/hr) 
Postmonsoon 4. 5-5. 4 1. 75-1. 95 
Premonsoon 4. 2-4. 4 2. 2-3. 2 
Monsoon 2. 9-3. 5 1. 8-2. 07 
Table 1. Seasonal variation of primary productivity in Sundarban estuary 
www.intechopen.com
 
Ecological Water Quality – Water Treatment and Reuse 
 
218 
6.4 Processes associated with microorganisms 
Cycle of energy and matter in estuaries is closely related with microbial activity, half of the 
aerobic and anaerobic transformations of organic matter in salt marsh are the result of 
microbial metabolism. Chemical transformation mediated by marine microbes play a critical 
role in global biogeochemical cycles. Coastal regions show the highest concentration of 
nutrients and microorganisms and the least light penetration whereas the open ocean is 
largely olegotrophic (extremely low concentration of nutrients and microorganisms). The 
concentration of heterotrophic microorganisms determines the Biochemical Oxygen 
Demand (BOD) i. e. the amount of oxygen removed from water by aerobic respiration. So 
the coastal region has a high BOD compared to open ocean. A huge energy cycle is carried 
out by the photosynthetic microbes living on the ocean surface. These microscopic 
communities are responsible for 98% of primary production (Whitman et. al., 1998, Atlas & 
Bartha, 1993). This makes ocean microbes one of the major sinks of atmospheric carbon 
dioxide, a process termed “carbon sequestration”. They also mediate all the biogeochemical 
cycles in the oceans (Atlas & Bartha, 1993).  
6.5 Carbon and nitrogen cycles 
Bacteria show a variety of metabolic pathways related to carbon flow and cycling. Carbon 
fixing rate of phytoplankton shows marked seasonal fluctuations in hydrographic and 
nutrient parameters. As many of the sediment and water-logged soils of estuaries are 
anoxic, anaerobic decomposition is important. Complex organic matter is used by the 
fermenters and dissimilatory nitrogenous oxide reducers. The sulfate reducers and methane 
producers were once thought to have more restricted distributions (John et. al., 1989). 
Researchers suggested seasonal and inter annual dynamics of free-living bacterioplankton 
and labile organic carbon available to microbes along the salinity gradient of estuaries. 
Bacterioplankton abundance may be an important indicator of ecosystem health in 
eutrophied estuaries, because of the positive relationships between bacterioplankton 
abundance, microbially labile organic carbon (MLOC), and dissolved oxygen (Leila et. al., 
2007).  
Nitrogen is a major limiting nutrient for primary production in estuaries. The N-cycling 
processes that are dominated by microbial activity include nitrification, dissimilatory 
nitrous oxide reduction, and nitrogen fixation. Nitrogen cycling in estuaries is related to the 
water mixing and microbial community dynamics.  
7. Diversity and distribution of estuarine organisms 
7.1 Phytoplankton – The primary producer 
Algae belong to a highly diverse group of photoautotrophic organisms with chlorophyll a 
and unicellular reproductive structures, which are important for aquatic habitats (Ariyadej 
et. al., 2004) Phytoplankton species composition, richness, population density, and primary 
productivity vary from coast to coast and sea to sea depending upon the varying hydro 
biological feature. (Prabhahar et. al., 2011) and seasonal and spatial distribution of plankton 
in the estuary were discernable). Changes in species composition and dominance of 
phytoplankton can be mediated by a variety of mechanisms including ambient temperature, 
light penetration, nutrient supply, and removal by zooplankton (Reynolds 1993).  
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Sundarbans estuary is formed by a complex network of upstream rivers where the spatial 
and seasonal variations of some hydrochemical characters are quite prominent and water 
quality parameters of rivers showed marked variation in different seasons which greatly 
influence species composition and quantitative abundance of planktons. In Sunderbans 
phytoplankton abundance ranged from 7. 25 X 104 cells / l (June) to 9. 8 x106 cells /L 
(February) (Manna et al., 2010).  
Season 
(Period) 
 
Planktonic 
abundance 
(Cells/L) 
 
Biomass 
(Chlorophyll-a 
concentration, 
µg/L) 
Dominant taxa 
 
Postmonsoon 
(Nov – Feb) 
9. 25 x 105 – 9. 8 x 
106 
19. 9 - 36. 5 
Coscinodiscus sp., Chaetoceros sp., 
Baccteriastrum sp., Thalassiosira sp., 
Planktoniella sp., Triceratium sp.  
Premonsoon 
(Mar– Jun) 
7. 25 x 104 - 2. 8 x 105 10. 5 - 28. 7 
Navicula sp., Thalassionema sp., 
Synedra sp. Diatoma sp.,  
Nitzschia sp, Protoperidinium sp.,  
Chlorella sp. Dunaliella sp.  
Monsoon 
(Jul – Oct) 
2. 44 x 105 -5. 2 x 106 6. 9 - 22. 7 
Navicula sp., Thalassionema sp, 
Cosmarium sp., Closterium sp., 
Oscillatoria sp. Stigonema sp 
Pyrocystis sp., Anabena sp 
Tricodesmium sp.  
Table 2. Distribution and Abundance of Phytoplankton in Sundarban estuary 
Sunderbans has a highly diverse algal flora comprised of both benthic and planktonic forms 
ranging from the freshwater to marine environments (Gopal and Chauhan, 2006) and 
showed the highest species diversity in all seasons. Noticeable variation of phytoplankton 
forms was also observed in seasons and sampling locations due to variations of water 
quality parameters, like pH, salinity, TSS and nutrients and DO. Phytoplankton community 
was observed to be dominated by diatoms (Biacillariophyceae) followed by Pyrrophyceae 
(Dinoflagellates) and Chlorophyceae and higest abundance was noticed in postmonsoon 
(Biswas et al. 2010; Manna et al. 2010) Centric Diatoms predominated in winter months and 
Pennates in summer whereas Chlorophyceae, Cyanohyceae and Euglenoids dominated the 
estuary in monsoon. During premonsoon the dominant phytoplankton were species of 
Ditylum, Ceratium, Biddulphia, Chaetoceros, Coscinodiscus, Thalassiothrix, Rhizosolenia 
Nitzschia and Thalassionema. However, during postmonsoon phytoplankton species of 
Bacteriastrum, Biddulphia, Protoperidinium and Ceratium were most dominant (Fig 6a) But 
in monsoon species of Skeletonema, Fragillaria and some blue green algae, green algae and 
also euglenoids are quite common. The average phytoplankton load is higher mostly in 
postmonsoon (Manna et al. 2010). The eastern part of the estuary is dominated by 
phytoplankton species like Biddulphia diatoms and green and blue green algae, while the 
central part is dominated by a variety of diatom species viz, Chaetoceros, Coscinodiscus, 
Bacterioastrum, Cyclotella, Ditylum, Skeletonema, Thallassiothrix, Thalassionema and 
Triceratium. In contrary, the western region is dominantly represented by species of 
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Fragillaria, Gyrosigma, Nitzschlia and Bacillaria. The seasonal variation of phytoplankton 
load indicates that there is a bimodal pattern of distribution with one in premonsoon (May) 
and other in postmonsoon (November) (Bandyopadhyay, 2003 :Biwas et al. 2010; Manna et 
al., 2010). Such biomodal seasonal cycle is a typical feature throughout the coastlines in 
India. (Mani, 1986; Gopinath, 1972; Gouda. 1991) The phytoplankton taxa of Sunderban 
estuary in general resembles with those of coastal waters, estuarine and near shore region of 
Goa (Devassy. & Goes, 1988) Cochin back waters, (Devary, & Bhattathiri, 1974) Hooghly 
river, (Santra et al. 1989; Santra & Pal; 1989), Rushikulya estuary (Gouda, R. & Panigrahy, 
1989), Bahuda estuary, (Mishra & Panigrahy, 1995) and Porto Novo (Kannan & Vasantha, 
1992). Only difference lies in the occurence of bloom forming diatoms. At high salinity level 
(25 PSU) halo- tolerant phytoplankton species like Dunaliella salina, Chlorella marina,  
C. salina, Grammatophora marina, Fragillaria oceanica dominated the estuary which are 
definitely better adapted to the high saline environment. Bio-indicator species like 
Polykrikos schwartzil, Dinophysis norvegica and Prorocentrum concavum points to 
moderately polluted water quality of the Sunderbans estuary (Manna et al., 2010).  
Class Genus Species 
Bacillariophyceae 61 151 
Pyrrophyceae 15 53 
Cyanophyceae 21 23 
Chlorophyceae 34 44 
Chrysophyceae 3 8 
Euglenophyceae 3 5 
Dictyophyceae 3 2 
Haptophyceae 1 2 
Xanthophyceae 1 1 
Table 3. Composition of Phytoplankton Classes.  
 
A) Stephanopyxis palmariana B) Thalassionema costatum C) Trachelomonas volvocinopsis D) Protoperidinium 
diabolus E) Phaeocystis globosa F) Pediastrum duplex G) Cyclotella stelligera H) Aphanothece smithii I) 
Chaetoceros impressus J) Peridiniella catenella H) Gonyaulax spinifera L) Gonium pectorale M) Cyclotella striata 
N) Mallomonas tonsulata 
Fig. 7a. Representative phytoplankton taxa of Sundarbans estuary 
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A. Sabellaria cementarium B. Pagurus longicarpus C. Gastropod veliger D. Corycaeus amizonicus E. Cirriped- 
Cypris F. Lucifer sp. G. Acrocalanus gracilis H. Cyphonautes larva I. Nematode larva J. Fish larva 
Fig. 7b. Representative zooplankton taxa of Sundarbans estuary 
7.2 Zooplankton – Primary consumer 
Zooplankton are organism that belonging the secondary level in food web and plays major 
role from producers level to upper most consumer level. They are more abundant within 
mangrove water-ways than in adjacent coastal waters (Robertson and Blabber 1992). 
Zooplankton support many major fisheries and mediate fluxes of nutrients and chemical 
elements essential to life on Earth.  
Copepod dominated Zooplankton abundance in Sunderbans estuary (Fig. 6b) forming 40%-
65% of total composition except three months. During February, April and September the 
dominant species were Tintinnopsis cylindrica, Polychaete larvae(all types)and shrimp 
larvae respectively. Around 52 taxa of nine major phyla and two minor phyla were 
identified during the study period. The total counting ranged 1. 92×102-7. 6×103 cells L-1. 
Monthly average abundance of Zooplankton ranges indicated the health status of the 
Sundarbans estuarine aquatic ecosystem. The nutrient upload and water mass upwelling 
changes the whole pattern of species richness throughout all seasons . Species Richness was 
highest in Monsoon than the other two seasons where as diversity index was lowest in Post 
monsoon. Mollusc larvae were dominated in some areas. Mysids and Chaetognath were 
largely found where as Copepod nauplius, Balanus nauplius, Gastropod veliger and Crab 
Zoea are more or less same in number in all the stations including Lucifer sp., Protozoans 
and Bryozoan are distinct Zooplankton which were also found. Nematode larva was a 
complicated one which only found in estuary but also less in number. In all Estuarine 
system of World Copepods are the dominating one with respect to other taxa but in case of 
Indian Sundarbans it fluctuates due to species dominancy in particular time with respect to 
some cause like nutrient availability or any other environmental factors.  
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7.3 Fungi – The heterotrophs  
The number of fungi living in estuaries is extremely large. Some of fungi are unique in 
estuaries, while others have a broader range of habitats. Aquatic fungi and yeast dominate 
species in aquatic environment, few of fungi associate with particles or solid matters in the 
water. In sediments, the active species of fungi primarily are found in surface aerobic zones. 
The densities of fungi decrease rapidly with soil depth, but the spores of fungi are found 
throughout sediments (John et al., 1989). Leaf inhabiting fungi of mangrove plants are 
known. Khuskia oryzae has been reported for the first time from India, among seven species 
of fungi that exist on mangrove leaf surface of Sunderbanss. There are two new parasitic 
fungi namely Pestalotiopsis agallochae sp. and Cladosporiummarinum sp. existing on infected 
leaves of Excoecaria agallocha and Avicenniamarina (Pal and Purkayastha, 1992a). Sixteen 
fungi are isolated from leaves of mangrove plants of Sunderbanss, West Bengal and their 
growth response to tannin; extracellular pectolytic enzyme (PE) activity and degree of 
inactivation of PE due to presence of tannin are tested in vitro.  
7.4 Bacterioplankton – The detrivore 
Microorganisms constitute a huge and almost unexplained reservoir of resources. 
Microorganisms are the richest repertoire of molecular and chemical diversity in nature. 
They underlie basic ecosystem processes such as the biogeochemical cycles, food chains and 
maintain vital relationships between themselves and higher organisms. The enormous 
number of microbes, their vast metabolic diversity and the accumulation of mutations 
during the past 3.5 billion years should have led to very high levels of genetic and 
phenotypic variation (Sogin et. al., 2006).  
The world’s oceans are teeming with microscopic life forms. Normal microbial cell counts 
are greater than 105 cells per ml in surface sea water (Porter & Feig, 1980). It implies that the 
oceans harbour 3.6 x 1029 microbial cells with a total cellular carbon content of 
approximately 3x1017g (Whitman et. al., 1998). In contrast, the total microbial cell number of 
deep ocean waters (>1000 m) is only 8x103 – 9x104 (Karner et. al., 2001 & Cowen, 2003), half 
of which are archae (Santelli et. al., 2008). Net primary productivity in the global ocean is 
estimated to fix 45-50 billion tons of carbon dioxide per year (Falkowski et. al., 1998).  
Bacteria are the most abundant organisms in the estuary, averaging between 106 to 107 per 
ml organisms in water and 108 to 1010 per dry weight of sediment. Sediments and salt marsh 
soil generally harbor more bacteria per unit volume than does the water column. Within the 
water column, high densities may be found in the surface layer than subsurface layer. 
Aerobic and facultative anaerobic bacteria are most common, and Pseudomonads and Vibrio 
are the most often isolated species. Sediment and waterlogged soils show very high 
densities of bacteria, which decrease in abundant with depth of soils. Higher bacteria 
densities have been found in most estuaries than in nearby coastal seawater and river water 
(John et al., 1989). In Sundarban estuary bacterial population ranged from 1.62X103 – 3. 
18X106, lowest in January (3.68 × 106 CFU L-1) and the highest in May (8.9 × 108 CFU L-1) 
(Manna et. al., 2010).  
Marine environment is dominated by microscopic protists and prokaryotes. However, it is 
widely accepted that current and traditional culture based techniques are inadequate to 
study microbial diversity from environmental samples. Our understanding of marine 
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microbial communities has increased enormously over the past two decades as result of 
culture independent phylogenetic studies. Recent advances in molecular techniques are 
adequate to describe the microbial diversity in a marine sample based on 16S rRNA 
sequence diversity.  
 
Period 
Bacterial count 
Plate count 
(CFU ml-1) 
Fluorescence count 
(Cells ml-1) 
 
Postmonsoon 
(Nov ‘08 - Feb ‘09) 
 
1.62 x 103 – 4.12 x 104 
 
8.15 x 104 – 1.65x 106 
 
Premonsoon 
(Mar ‘09 - Jun ‘09) 
 
3.65 x 104 – 1.85 x 106 
 
8.57 x 105 – 6.58 x 107 
 
Monsoon 
(Jul ‘09 - Oct ‘09) 
 
6.13 x 104 – 3.18 x 106 
 
2.07 x 106 – 9.11 x 107 
Table 4. Seasonal variation of bacterial abundance in Sundarban estuary 
It is difficult to grow marine bacteria in culture. Only 0. 1- 10% bacteria are culturable in 
currently used culture media. Culture-dependent methods do not accurately reflect the 
actual bacterial community structure. Furthermore, (1) all techniques rely on cultivation are 
time consuming and expensive as are the physiological and biochemical differentiation tests; 
(2) after many generations necessary to form plate colonies, the organism may deviate from 
its physiology, and possibly even from genotypic mix, of the population in nature; (3) 
though many advances have been made in microbiological culture techniques, it is still not 
possible to grow a majority of bacterial species using the standard laboratory culturing 
techniques (Bakonyi et. al., 2003). Only a minor fraction (0. 1-10%) of the bacteria can be 
cultivated using standard techniques; (4) The biggest drawback in exploring bacterial 
biodiversity is that phenotypic methods can be applied only on bacteria which can be 
cultured and (4) it offers a very limited insight into the spatial distribution of the 
microorganisms (Pace et al., 1986; Holben & Tiedje, 1988; Ward et al., 1992; Amann et al., 
1995). Microbial ecologists are turning increasingly to culture-independent methods of 
community analysis because of the inherent limitations of culture- based methods. 
Quantitative estimation of community composition can be inferred based on advanced 
fluorescence microscopic techniques using culture-independent methods. Useful  
molecules for such studies include phospholipids, fatty acids and nucleic acids (Morgan & 
Winstanley, 1997) where as the microscopic techniques involve either the hybridization of 
fluorescent- labeled nucleic acid probes with total RNA extracted from water or 
hybridizations with cells in situ. Metagenomics, also known as environmental genomics, is 
the culture independent study of a community of microorganisms (Steele & Streit, 2005; 
Fieseler et. al., 2006). This relatively new technology provides a chance to study the other 
99% of bacteria (Tringe & Rubin, 2005).  
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8. Water quality of the estuary 
8.1 Nutrient influx and water quality 
Estuarine water quality and habitat conditions are directly affected by fluxes of nutrients 
from the sediments, especially in summer when temperature is high and hypoxic and anoxic 
events typically occur. The magnitudes of these sediment oxygen and nutrient fluxes also 
appear to be directly influenced by nutrient and organic matter loading to the estuarine 
systems (Kemp and Boynton 1992). Both annual and interannual patterns demonstrate that 
when these external nutrient and organic matter loadings decrease, the cycle of organic 
matter deposition to the sediments, sediment oxygen demand, and the release of nutrients 
into the water column also decrease and water quality and habitat conditions improve 
(Boynton et al., 1995). The chemical parameters of water – primarily nitrates and phosphates 
– used in combination with productivity determine the trophic condition of estuaries as 
oligotrophic (low nutrient) through mesotrophic to eutrophic (high nutrient) (Bellinger and 
Sigee, 2011).  
Study in Sundarbans estuary suggests that indicators of inorganic nutrients and plant 
productivity changed widely during the annual cycle of the estuary as shown below (Manna 
et. al., 2010; Biswas et al., 2010) (Table 7). The study indicates estuary remained eutrophic 
during winter and meso-eutrophic during monsoon and premonsoon (Manna et. al., 2010).  
Parameter Postmonsoon Monsoon Pre monsoon 
Nutrient concentration (µmoll-1)    
Total phosphorus 2-2.15 1.1-1.84 .1-1.98 
DIN 21-25 6-22 5-15 
Chlorophyll a concentration (µg l-1)    
Mean concentration 28 19.5 17.5 
Maximum concentration 40 28.7 22.7 
Secchi depth (cm)    
Mean value 60 25 130 
Minimum value 40 20 120 
Table 5. Seasonal vaiation of physicochemical parameters in Sunderbans estuary 
8.2 Eutrophication of the estuary 
Eutrophication seems to be a global problem and nutrient enrichment is one of the most 
serious threats to near shore coastal ecosystems (Cloern 2001). The balance of water 
ecosystem is disturbed by eutrophication i. e. excessive fertilization, which, in turn, leads to 
increases in phytoplankton quantity and primary production. Estuaries receive considerable 
amounts of freshwater, nutrients, dissolved and particulate organic matter, suspended 
matter, andcontaminants from land and exchange materials and energy with the open 
ocean. Estuaries also receive nutrients and organic matter loads from wetlands such as 
marshes (Meybeck 1982; Kemp 1984, Howarth et al. 1996) and mangroves (Odum and Heald 
1972; 1975; Twilley 1988; Robertson et al., 1992) The consequences of nutrient enrichment 
include algal blooms (Paerl 1997), coral reef degradation (Lapointe 1997& Hughes et al. 
2003), loss of diversity and ecosystem resilience (Levine 1998 & Scheffe 2001) and, in 
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extreme cases, the development of ‘‘dead zones’’(Rabalais et al. 2002). Eutrophication also 
initiates changes in phytoplankton community structure, decrease in diversity and 
frequency of harmful algal blooms. It can have significant deleterious effects on the 
beneficial uses of estuarine and marine waters.  
The eutrophication of coastal waters is a problem of epidemic proportion and has disastrous 
short- and longterm consequences for water quality and resource utilization (Paerl, 1997; 
Nixon, 1995; Turner and Rabalais, 2003). Metrices based on phytoplankton quantity and 
productivity is widely used indicators of eutrophication in the status assessment of surface 
waters (HELCOM:2002; EEA 2007). There are a number of ways in which eutrophication of 
estuary manifest itself: increase in phytoplankton biomass (Harding & Perry, 1997) and 
macroalgae (Valiela et al., 1997) anoxia and hypoxia (Rosenberg 1990 & Kiirikki et al. 2006). 
The most commonly used indicator of eutrophication in waterbody, however, is chlorophyll 
a (Kauppila 2007). In Sundarbans estuary, chlorophyll-a concentration remained very high 
(>10 μg L-1) most of the time throughout the year indicating the estuary was in eutrophic 
condition (Fig 7) (Jones & Fred Lee, 1982).  
The Eutrophication may have detrimental effect on the mangrove vegetation. These 
negative consequences contrast with observations that marine plant growth, including that 
of tropical mangroves is enhanced with nutrient enrichment (Paerl 1997; Catherine et al. 
2009) However, nutrient enrichment favours growth of shoots relative to roots (Grime; 1979, 
Lambers &, Poorter 1992 & Catherine et al. 2009) thus enhancing growth rates but increasing 
vulnerability to environmental stresses such as drought, that require large investment in 
roots for tolerance (Chapin 1991 & Catherine et al. 2009) Thus the benefits of increased 
mangrove growth in response to coastal eutrophication is offset by the costs of decreased 
resilience due to mortality during drought, with mortality increasing with soil water salinity 
along climatic gradient.  
8.3 Phytoplanktons as an indicator of water quality  
Phytoplankton is the most important producer of organic substances in the aquatic 
environment and the rate at which energy is stored up by these tiny organisms determine 
the basic primary productivity of the ecosystem. Phytoplankton satisfy conditions to qualify 
as suitable pollution indicators in that they are simple, capable of quantifying changes in 
water quality, applicable over large geographic areas and can also furnish data on 
background conditions and natural variability (Lee, 1999). Phytoplanktons are characterized 
for their rapid responses to alterations in environmental conditions (Reynolds 1984; Stolte et. 
al. 1994) such as anthropogenically introduced eutrophications of coastal waters 
(Richardson, 1997). The latter characteristic makes phytoplankton sensitive indicators of 
changes in aquatic ecosystems (Valdes-Weaver et. al., 2006). Their presence or absence from 
the community indicates changes in physio-chemical environment of the estuary (Rissik, 
2009). More so, micro algal components respond rapidly to perturbations and are suitable 
bio-indicators of water condition which are beyond the tolerance of many other biota used 
for monitoring (Nwankwo and Akinsoji, 1992). Species diversity indices when correlated 
with physical and chemical parameters, provide one of the best ways to detect and evaluate 
the impact of pollution on aquatic communities (Maraglef, 1968) In India, Ganges-
Brahmaputra estuary is particularly vulnerable to anthropogenic perturbations due to high 
nutrient loads from reverine discharge, increasing human population density and rapid 
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economic growth (Seitzinger et. al., 2005; Mukhopadhyay et. al., 2006; Biswas et. al., 2010). 
Eutrophication as well as presence of toxic Dinoflagellates and Cyanophyceae in the tidal 
creek of Sunderbans estuary definitely revealed the deteriorated status of the water quality. 
(Manna et. al. 2010).  
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Fig. 8. Plot of observed versus predicted values of chlorophyll-a in Sundarbans estuary 
(Manna et al.; 2010) 
Phytoplankton is one of the most rapid detectors of environmental changes due to their 
quick response to toxin and other chemicals. Pollution stess reduces the number of algal 
species but increases the number of individuals. A marked change in algal community 
severely affects species diversity (Biligrami, 1988). Eutrophication or organic pollution of 
aquatic ecosystems results in replacement of algal groups. It has been observed that many 
species are sensitive to nutritional loading, but equally good numbered are pollution 
tolerant. A numbers of reports are available on pollution –indicating and pollution tolerant 
algal species (Desei et. al. 2008). Similarly, a good number of indices have also been evolved 
to determine the trophic level of water ecosystems like Nygaard’s algal index, Shannon and 
Weiner’s species diversity indices and Palmer;s pollution index.  
In general nutrient-deficient natural water harbouring low populations of algae, on addition 
of nutrients, increases the growth of the algae. The water appears dark green on excessive 
algal growth or the algal blooms. These algal blooms occur in highly enriched waters, 
especially that receiving sewage waste (Trivedi & Goel, 1984). Certain species of 
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phytoplankton grow luxuriantly in eutrophic waters while some species cannot tolerate 
waters that are contaminated with organic or chemical wastes. Some of the species 
indicate the clean waters are Melosira islandica, Cyclotella ocellata and Dinobryon. Pollution 
indicating plankton includes Nitzschia palea, aeruginosa and Aphanizomenon flosaquae. The 
latter two species have been found to produce toxic blooms and anoxic conditions. Some 
algae were found to cause noxious bloom in polluted water that tastes bad with 
intolerable odour.  
Bioindicators are defined as species or communities which by their presence provide 
informations on the surrounding physical and chemical environments in a particulary site 
(Belliger & Sigee 2011) A good indicator species has characteristics like narrow ecological 
range, wide ranging distribution, easily identifiable characteristics, quick response to 
environmental stress and well defined taxonomy. The organic pollution influence algal flora 
more intensely than most other factors including DO, pH, light intensity, hardness of water 
and other type of pollutants (Palmer, 1969).  
Genus Family According to Palmer Sundarbans Estuary 
Pollution index Pollution index 
Euglena Eu 5 5 
Oscillatoria Cy 5 5 
Chlamydomonas Ch 4 4 
Scenedesmus Ch 4 0 
Chlorella Ch 3 3 
Nitzschia Ba 3 3 
Navicula Ba 3 3 
Stigeoclonium Ch 2 2 
Synedra Ba 2 6 
Ankistrodesmus Ch 2 2 
Ba-Bacillariophyceae; Cy-Cyanophyceae; Eu-Euglenophyceae: Ch-Chlorophyceae.  
Table 6. Palmer’s family pollution index (1969) with input from Sundarbans estuary 
The algal species are rated on a scale of 1 to 6 (intolerant to tolerant) and index is derived by 
summing up the scores of all taxa that are present in sample. In computing Palmer’s index 
an alga is considered to be present if there are 50 or more individuals per litre of sample.  
Thus, the Palmer’s index for Sunderbanss comes to very high (33). As any value higher than 
20 is condidered to be high in Palmer’s index, it tallies quite well with the result of trophic 
analysis as per OECD norms. Thus, there can be no second opinion about the fact that the 
estuary is eutrophic for the most time of the year and main reason of eutrophication is high 
organic load (Manna et. al, 2010).  
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9. Conclusion 
Mangroves are the only woody halophytes dominated ecosystem situated at the confluence 
of land and sea, they occupy a harsh environment, being daily subject to tidal changes in 
temperature, water and salt-exposure and varying degree of anoxia (Alongi, 2008). The 
structure and function of the mangrove food web is unique, driven by both marine and 
terrestrial components. Little attention has been paid so far to the adaptive responses of 
mangrove biota to the various disturbances; however they are highly threatened even in this 
world heritage site, Sundarban. Recently eutrophication seems to be a global problem. The 
eutrophication of this tidal creek may have detrimental effect on the mangrove vegetation. 
Nutrient-enrichment i. e. eutrophication of the coastal zone increases the mortality of 
mangroves by enhancing shoot growth relative to root which makes them vulnerable to 
environmental stresses like salinity, draught that adversely affect plant water relationships 
(Catherine et al., 2009). Eutrophication as well as presence of toxic Dinoflagellates and 
Cyanophyceae in the tidal creek of Sundarban estuary definitely reveals the deteriorated 
status of the water quality.  
Entire mangrove ecosystem of Sundarbans is fragile in nature due to many reasons such as 
erosion due to sea level rise, increase in salinity, pollution from non-point source like 
agricultural field wash and point sources like effluent from fishery, Kolkata sewage, loss of 
biodiversity due to continuous anthropogenic intervention, deforestation due to illegal 
felling and natural causes, eutrophication etc. Thus, a number of factors are operating in the 
Sundarbans. Apart from other aspects, different studies on Sundarbans gain its significance 
for throwing light on one of the most precious natural resource of this biogeographic region. 
This study indicates that ecosystem dynamics of Sundarbans may facilitate bioinvasion 
putting a question mark on the sustainability of mangroves. This work will create a 
roadmap to explore the ecosystem dynamics of Sundarban estuary, which is a great 
challenge in recent times.  
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